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GENERAL INTRODUCTION 
The incx-easing demand for high equality low-
cost animal protein has generated greater interest 
to develop and expand aqueculture all over the world. 
It is realised that scientific exploitation of 
cultivable water bodies can increase fish production 
manifold, and it has been predicted that, by the year 
2000 AD, aquaculture could produce at least 50 million 
tons of animal protein, if proper research and develop-
ment measures are undertaken (TAG, 1973) against a 
production of 10.5 million tons of fish and shellfish re-
corded through culture in 1983 (Pillay, 1986). 
In India, until recently, extensive or tradi-
tional type of fish culture, with production as low as 
1 ton/ha/yr or even less, was practiced by most fish 
farmers. Although low-density culture with minimum 
inputs and low production per unit area often proved 
more economical under certain situations than the 
intensive farming, involving the rearing of dense 
population and heavy inputs (Pillay, 1976), scientific 
culture practice and efficient management could lead 
to a substantial increase in fish production. Pro-
duction rate as high as 10 tons/ha/yr has been 
achieved in static earthen freshwater carp culture 
ponds in India through optimum stocking, fertilization 
and supplementary feeding (Sinha, 1988). 
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Fish do require a l l the v i t a l elements for 
t h e i r growth, reproduction, health and other normal 
physiological functions. A deficiency of one or more 
of the e s sen t i a l nu t r i en t s r e s u l t s in a reduced ra te 
of performance/ disease or even death. In d i f fe ren t 
forms of aquaculture system, fish gather these 
nu t r ien ts from natural aquatic organisms or from the 
formulated feeds provided in the form of supplementary 
or whole feed. However, in the farming of these 
animals under controlled environment, unlike t h e i r 
natural hab i t a t , feeding of the stocked population 
with n u t r i t i o n a l l y balanced and qua l i ty d i e t s i s of 
c r i t i c a l importance not only to promote t h e i r optimal 
biological and physiological functions but .also to 
r a i s e the production. 
In in tensive and semi-intensive f ish cu l tu re 
systems, based on high stock densi ty , feed i s thus 
the major input, cons t i tu t ing 50-60% of the t o t a l 
operational expenditure. To minimise t h i s input , i t 
i s almost essent ia l to develop cos t -ef fec t ive and 
n u t r i t i o n a l l y adequate feed, using less expensive 
local ly available ingredients (P i l lay , 1986). Such 
ingredients generally include byproducts of g ra in / 
o i l industry, fish processing indus t r i e s , meat 
processing indus t r i e s , s laughter house wastes, d ro-
ppings or wastes of poultry, duckery, da i ry and 
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piggery-/ e t c . Several workers have attempted to 
scan such ingredients for t h e i r nu t r i t i ve r ichness 
in order to incorporate these in low-cost f ish d i e t s 
(Morrison, 1961; Lakshmanan _gt j ^ . , 1967; Chakrabarty et al., 
1973; Jhingran 1983, Ensminger and Olentine, J r , 
1980 and NAS-NRC, 1981, 1983). 
Fish n u t r i t i o n i s t s in the past have generally 
given p r i o r i t y to quantifying the requirements for 
protein , minerals and vitamins (Halver, 1979; Cowey 
and Sargent, 1972, 1979; Cas te l l , 1979; La l l , 1979? 
Nose and Aral, 1979; Ogino, 1979; Stickney, 1979; 
NAS-NRC, 1981, 1983; Jauncey, 1982; Watanabe, 1982; 
Ketola, 198 2; Mil l ikin, 198 2; Takeuchi, ^ ai . . , 1983; 
Cowey and Luquet, 1983; Lovell , 198 43; Robinson, 1984; 
Cho Qt ^ , , 1985; Kanazawa, 1985/ Halver, 1985; 
Watanabe, 1985; Wilson and Halver, 1986). Although 
levels and sources of energy in fish r a t ion can 
s ign i f i can t ly affect fish growth, r e l a t i v e l y l i t t l e 
information i s available on the energy requirement 
of f i sh . 
A factor considered equally important in the 
d i e t formulation is the estimation of f ibre content . 
Although non-energy component of d i e t , the importance 
of f ibre cannot be overlooked in nu t r i t i ona l stiK3ies. 
Chemically, i t represents mixtures of ce l lu lose . 
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hetnicellulose, ligniri/ pentosan and other generally 
undigest ible fractions in the feed. Amongst many 
functions, i t provides increased surface area of 
subst ra te to be acted upon by d iges t ive ju i ce , helps 
in uniform d i s t r i bu t i on of d i f ferent nu t r i en t s , and 
f a c i l i t a t e s in easy and smooth movement of food 
material through the alimentary canal, thereby helping 
in easy defacation and proper d iges t ion . The level of 
fibre present in the d i e t has thus a d i r e c t ro le in 
d iges t ion , absorption and growth eff iciency of the 
animal. Several workers in the past have emphasized 
the importance of f ibre inclusion in a r t i f i c i a l f ish 
feed (Dupree and Sneed, 1966; Leary and Lovell, 1975, 
Stickney and Shumway, 1974; Prejs and Blaszezyk, 1977; 
and Sumagaysay and Chiu, 19S9). Feedstuffs of plant 
or ig in contain varied amounts of f ibre . Inclusion 
of such feedstuffs in p rac t i ca l fish d ie t necess i ta tes 
evaluation of t h e i r f ibre content so as to avoid 
excessive levels of f ibre in the d i e t , mainly because 
higher levels of f ibre may inh ib i t feed in take, i nc -
rease fecal waste production, and consequently pol lu te 
the water. 
Data available on the proximate composition of 
feedstuffs reported e a r l i e r from th is laboratory 
(Niamat, 1932) was nei ther based on guidelines of the 
In te rna t iona l Network of Feed Infoirmation Centre 
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(INFIC) nor took Into account level of fibre content 
in plant origin feedstuffs and chitin in silkworm 
pupae. Similarly, the energy values of the feedstuffs 
reported in the earlier study was based on conventi-
onal energy equivalents. 
The work presented here was undertaken as part 
of a research program on the nutrition and diet develop-
ment of cultivable finfish species. Since formulating 
rations for feedout or growth increment purposes 
generally entails consideration of availability, and 
the biochemical and nutritional features of the ingre-
dients, the study included an assessment of the gross 
nutrient composition and energy density of locally 
available feedstuffs. 
Besides, fibre has been quantified in the 
plant origin feedstuffs and chitin in the silkworm 
pupae. Unlike the earlier study, energy density in 
the feedstuffs was evaluated through direct combustion 
in a calorimeter. Additional information relating to 
the plant origin feedstuffs, as required by INPIC for 
retrieval purposes, have also been collected. These 
included details such as the season of harvest, method 
of preparation in the field, storage condition, types 
of soil in which grown, fertilizers used and type of 
farming, etc. The energy requirement for optimum 
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growth was assessed in the Indian major carp^ Labeo 
rohita (Ham). This is a fast growing, easily culti-
vable finfish species, and owing to its compatibility 
with other fish species, highly preferred for culti-
vation. Although the culture technology of Indian 
major carps has been perfected in may respects, 
assessment of nutritional needs of these fishes, 
leading to the development of complete artificial 
feed for their rearing, is an aspect which still 
remains to be precisely worked out to revolutionize 
the production. 
The findings have been outlined under two 
separate chapters. Chapter I includes findings on 
the proximate composition and energy density of 
feedstuffs. Chapter II deals with the energy require-
ment of L. rohita. 
CHAPTER - I 
NUTRIENT COMPOSITION AND ENERGY DENSITY OF LOW^COST 
FEEDSTUPFS FOR THEIR POSSIBLE USE IN PRACTICAL FISH 
FEED 
INTRODUCTION 
With the i n t ens i f i ca t ion of f ish cul ture 
operation in many countries of the world, including 
India , the search for su i tab le feedstuffs t o develop 
n u t r i t i v e and economical feed mixtures, based on less 
expensive loca l ly avai lable feed ingredien ts , i s being 
increas ingly f e l t (FAO/UNDP, 1979; Halver, 1982), 
since these contr ibute grea t ly to the commercial success 
of the cul ture operation. Research ef for t s a re , t h e r e -
fore, directed towards scanning newer and/or economical 
feed ingredients for aquacul tural ly important f ish 
species . Aquatic weeds, grasses and leaves have been 
tes ted for t h e i r s u i t a b i l i t y as f ish feed ingredients 
(Hajra, 1987; Naskar and Sen. 1987; Pappathi and 
Paul Raj, 1987; Patra ^ t aJL., 1989; Cagauan and Pu l l in , 
1989; Naegel, 1989; Paul Raj, 1989; Halinge gt g j , . , 
1989; Chiayvareesajja £t a^., 1989 and Klinnavee fit a l , , 
1989). Brans, polishing and o i l cakes have been tes ted 
for t h e i r efficacy in p rac t i ca l fish d i e t s (Wee and 
L i t t l e , 1989; Chattopadhyay and Konar, 1987; 
- 8 -
Mohanty et ^ . , 1987; and Maria s^ a j , . , 1987). 
Agrobased waste products and l ivestock wastes a lso 
find use in the a r t i f i c i a l feed for rearing d i f fe ren t 
fish species (Nandesha ^t ^ . , 1988/ and Toor £t a l . , 
1988). Use of t rash f ish, blood meal, maggots and pupae 
of insects has a lso been attempted in a r t i f i c i a l feed 
(Otubusin 1987; Nandesha §t §X,, 1989; and Abalos 
et a l . . 1989). Efficacy, u t i l i z a t i o n and level of 
inclusion of d i f ferent kinds of organic manure, 
biogass s lu r ry and slaughter house offal in f ish feed 
forroulation were looked into by several workers 
(Kalyani and shet ty , 1987; Rao , 1987 ; and 
Haque, 1988). Growth s tudies on t i l a p i a using s ingle 
ce l l protein (Spirulina) has been made by Chow and Woo 
(1989). Recently, Bhuiyan s^ aX. (1989)/ keeping in 
view the i n t ens i t y of aquaculture pract ice in Bangla-
desh, conducted an exhaustive survey to iden t i fy 
po ten t ia l fish feed, based on t h e i r a v a i l a b i l i t y pr ice 
and primary nu t r i t i ona l value. 
The present study repor ts the n u t r i t i v e r i c h -
ness of loca l ly available ingred ien ts , screened for 
t h e i r proximate composition and energy densi ty , which 
could find use in developing a r t i f i c i a l fish feed. 
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MATERIALS AND METHODS 
The f e e d s t u f f s c o l l e c t e d from d i f f e r e n t 
s o u r c e s were p r o c e s s e d f o r a s s e s s m e n t o f t h e i r p r o x i -
mate c o m p o s i t i o n and e n e r g y c o n t e n t s u s i n g s t a n d a r d 
t e c h n i q u e s (AOAC, 1 9 8 4 ) , F i v e r e p l i c a t e s were t a k e n 
f o r each s a m p l e , 
I , E s t i m a t i o n of w a t e r c o n t e n t 
For t h e d e t e r m i n a t i o n of m o i s t u r e c o n t e n t e ach 
sample was t h o r o u g h l y g r i n d e d t o powder. U s u a l l y , 2 -5 g 
o f t h e powdered sample was t a k e n i n a p r e -we ighed 
v i t r e o s i l c r u c i b l e and p l a c e d i n an oven a t lOO'C f o r 
20-22 h o u r s . The c r u c i b l e c o n t a i n i n g t h e d r i e d sample 
was coo led t o room t e m p e r a t u r e i n a d e s i c c a t o r and 
reweighed t o e n s u r e t h a t t h e sample had become c o m p l e -
t e l y d r i e d , t h e e n t i r e p r o c e s s was r e p e a t e d t i l l a 
c o n s t a n t we igh t was o b t a i n e d . The l o s s i n w e i g h t gave 
a n i n d e x of w a t e r from which t h e p e r c e n t a g e o f w a t e r 
was c a l c u l a t e d . For f r e s h l e a f y i n g r e d i e n t s t h e 
sample were f i r s t s u n - d r i e d , g r i n d e d t o f i n e powder 
and p r e s e r v e d i n p o l y t h e n e b a g s . T h i s powder was 
t h e n used f o r m o i s t u r e e s t i m a t i o n on d r y w e i g h t b a s i s . 
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I I . Estimation of ash content 
A known quant i ty (1-5 g) of powdered sample 
was taken in a pre-weighed v i t r e o s i l c ruc ib le , dried 
in an e l e c t r i c oven a t 100*C and igni ted in muffle 
furnace at 650®C t i l l the sample became carbon-free 
and completely white. The crucible was cooled in a 
desiccator and reweighed to estimate the quant i ty of 
ash. The r e s u l t was expressed as percentage on dry 
v/eight bas i s , 
I I I . Estimation of crude fat 
Crude fat in d i f ferent feed stuffs was ex t rac -
ted with petroleum ether (B.P. 40-60•C) using the 
continuous soxhlet ext rac t ion technique. A weighed 
quant i ty (5 g) of finely pofr«aered and oven dried 
(100*C) sample was taken in Whatman fat ext ract ion 
thimble , plugged with cotton and introduced in to the 
soxhlet , A clean dry receiver flask was weighed and 
f i t t ed to the soxhlet . The ext rac t ion was carr ied out 
for about 10-12 hours. At the end of ext rac t ion, the 
solvent was recol lected and the flask placed in an 
oven for few hours for complete removal of solvent 
t r a c e s . The flask was cooled in a des icca tor and 
reweighed. The increase in weight of the flask gave 
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the quant i ty of crude fat extracted from the known 
weight of the sample. The r e s u l t was expressed as 
percent on dry weight bas i s , 
IV. Estimation of crude protein 
The estimation of crude protein in various 
samples was made by a s l i gh t modification of Wong's 
micro-kjeldahl method as adopted by Ja f r i (gt a l . 
(1964), 0,1 g sample was digested in 5 ml of 1:1 
sulphuric acid and heated t i l l fumes disappeared, 
0.5 ml saturated potassium persulphate was then added 
to oxidize the digest ing mixture. The digest ion was 
continued t i l l the solut ion in the Kjeldahl flask 
became water c lea r , indica t ing tha t a l l the n i t r o -
genous mater ials present i n the sample has been conver-
ted in to ammonium sulphate. The solut ion a t t h i s s tage 
was t ransferred to volumetric flask and di lu ted to 
50 ml. An al iquot (0,5 ml) of t h i s solut ion was then 
d i r e c t l y nessler ized by adding Bock and Bendict Nessler ' s 
reagent (Oser, 1965), The solut ion was kept a t room 
temperature for 10 minute for complete colour develop-
ment and the i n t e n s i t y of colour read on Milton Ray 
splitbeam spectronic 1001 spectrophotometer a t 480 mja 
wave length. The in t ens i ty of colour developed was 
proportional t o the amount of ammonium sulphate cont-
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ained in the solution. The optical density obtained 
for the sample was read off against a standard cali-
bration curve prepared by taking readings of a series 
of different dilutions containing known amount of 
nitrogen. This method gave a direct reading of the 
amount of total nitrogen present in the sample. The 
quantity of total nitrogen was multiplied with the 
conventional protein factor (6.25) to calculate the 
crude protein content. The values were calculated as 
percentage on dry weight basis. 
V. Estimation of gross energy content 
The estimation of gross energy in the feedstuffs 
was carried out through direct calorimetry. As a 
routine, five samples were tested for each ingredient. 
In order to ensure that the test sample is truely rep-
resentative of the bulk of the sample material, standard 
sampling, grinding, mixing and subdividing procedures 
were followed. The sample was dried in hot air oven 
at 100'C for 24 hour. A weighed portion of the working 
sample was then taken into a metallic crucible and 
compacted carefully to reduce the rate of combustion. 
The combustion was carried out in a ballistic bomb 
calorimeter with appropriate corrections based on the 
standardization of the instrument with thermo-chemical 
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grade benzoic acid as the standard. The gross energy 
(heat of combustion) was calculated as cal/g. 
VI, Bstimation of crude fibre 
Crude fibre was determined as the fraction 
remaining after digestion with standard solution of 
sulphuric acid and sodium hydroxide under carefully 
controlled condition, 
A weighed quantity (2 g) of dry fat-free 
sample was taken in a spoutless conical flask fitted 
with a reflect condenser. Boiling water was added to 
it followed by addition of 25 ml sulphuric acid (10%). 
The content was mixed, the volume raised to 200 ml 
and boiled for 30 minutes. Acid solution was rwnoved 
and the filtrate collected. The residue' was then 
washed at least three times with boiling water. To 
this, was added 25 ml sodium hydroxide (lOX) solution 
and the content diluted to the mark. It was boiled 
for another 30 minute. At the end of the boiling, 
filtering and washing were repeated. The resulting 
residue was transferred to a porcelain crucible, 
dehydrated using ethanol and dried to a constant 
weight at 100"»C. This was incinerated for 2 hours in 
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a muffle furnace at 650^C. The fibre content was 
calculated on the basis of difference in weight of the 
residue after drying and ignition, the value (on mois-
ture free basis) was expressed as per cent by weight, 
VII, Estimation of chitin 
Dried, powdered and weighed (2 g) sample was 
taken in a centrifuge tube. Sodium hydroxide (10?6) 
solution was added to it, and the tube kept in a ther-
mostat maintained at 60'C for 24 hours. It was then 
centrifuged at 4000 rpm for 15 minutes. The super-
natant soluble protein was discarded and the residue 
dried to a constant weight. The chitin content was 
calculated on the basis of difference between initial 
and final weights, and expressed as per cent by weight, 
RESULTS 
Data on proximate composition and gross energy 
content of the feedstuffs have been given in Tables I-VI. 
Of the feedstuffs of plant origin, soybean oil cake 
(Glycine max) contained the maximum (51%) crude protein 
content. This was followed by groundnut oil cake 
(Arachis hvpooea). with 47% crude protein. The protein 
in other oil cakes ranged between 33 to 40%, Among the 
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husks, brans and dusts, lentil dust (Lens cullnarls) 
showed the maximum (30,1%) crude protein, followed 
by wheat bran (Triticum aestivum) with 15,8%, and 
pigeon pea dust (Caianus caian) with 1456 crude 
protein. The protein values in other plant products, 
ranged between 4-1034, Among the other products, blood 
meal and sardine fish meal showed higher values of crude 
protein, amounting to 74% and 53%, respectively. Dried, 
silk worm pupae (Bombyx mori) and mantis shrimp 
(Squill^ sp,) meal contained low protein, 40,6% and 
3 3%, respectively. With the exception of soybean oil 
cake, the different oil cakes examined contained crude 
fat in the range of 6-10%. 
The lowest value of fat observed in soybean 
oil cake could be ascribed to the use of solvent 
extraction procedure followed by the oil mill. Rice 
polish (Qrvza sativa) contained 11,6% fat, whereas 
barley dust (Hordeum vulgare) and Bengal gram husk 
(Cicer arietinum) showed low values, 0.6% and 0.5%, 
respectively. The crude fat content in other products 
was in the range of 1,5 to 4,9%. In the animal by-
products, the crude fat was maximum (21,7%) in silk 
worm pupae, followed by sardine fish meal (11,5%), The 
fat level in mantis shrimp meal and blood meal was low 
(1,8%) and comparable. 
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The moisture content in various feedstuffs 
ranged from 2.6 to 11,6%, The t o t a l ash content was 
highest (14,456) in r i c e bran, followed by mantis 
shrimp meal (12,2%). The lowest (3.6%) ash was noted 
in barley dus t . In the remaining feedstuffs , the ash 
content ranged between 4.3 and 10.5%, 
Crude f ib re content among the feedstuffs of 
plant or ig in was found to be the highest (42,3%) in 
Bengal gram husk. This was followed by cottonseed o i l 
cake (Gossvpium sativum) and pigeon pea dust with 28,4% 
and 25,7% crude f ib re , respec t ive ly . Sesame o i l cake 
(Sesamum indicum) contained 15,4% crude f ib re , which i s 
comparable to ch i t i n content of s i lk worm pupae (13,2%), 
In other feedstuffs , the crude f ibre content ranged 
between 7 and 11%, 
The gross energy content of various ingredient 
studied depicted a wide range of energy densi ty with the 
minimum (2962 cal /g) in mantis shrimp meal and maximum 
(5670 cal /g) in dried s i lk worm pupae. Sardine f ish 
meal and slaughtei?-house waste contained more than 5000 
ca l /g of gross energy. Rice bran, pigeon pea husk, 
black gram husk and tapioca f lour showed less than 
4000 cal /g of gross energy. The o i l cakes analysed, 
showed average values , ranging from 449 2 to 4850 ca l /g 
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of gross energy, V-Zheat bran had a comparable energy 
value with the o i l cakes. Barley husk and Bengal 
gram husk showed similar values (4037 cal /g and 
4036 c a l / g ) . Rice polish and barseem showed a close 
range of energy densi ty , comparable t o d i f fe ren t o i l 
cakes. 
Tables(Vll-XVIIl)contained addi t ional information 
on the plant or igin feedstuffs required for the ItJFIC 
r e t r i e v a l system, 
DISCUSSION 
Although the usefulness of several artificial 
feedstuffs of pl<2nt and animal origin have been indi-
cated for the spawn, fry and fingerlings of Indian 
major carps (Chakarborty ^  ^ . / 1973; Jhingran, 1983; 
Mohanty et aJ.., 1987; and Chattopadhyay and Konar, 
1987) and the catfish (Venkatesh ^ t ^ ., 1986 and 
Niamat, 198 2; and Niamat and Jafri 1984 a,b,)dietary 
formulations for these and other Indian cultivable 
fishes generally included combinations of a few con-
ventional feedstuffs, mainly for supplementary feeding. 
Despite the wide variety of animal and plant origin 
feedstuffs, that are available at cheaper cost and 
that could possibly be incorporated in fish rations, 
very few have been nutritionally evaluated for the 
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above purpose. The use of locally available less 
expensive feed ingredients for carp polyculture in 
India has been stressed earlier in FAO technical 
report (Chow, 1982). 
c 
Since protein i s by far the most important and 
often the most expensive d ie ta ry nut r ien t component 
required for growth, newer and cheaper protein sources, 
p a r t i c u l a r l y those which do not compete as feed for 
other animals/ are being scanned for use in f ish feeds. 
Most f ish species , depending upon t h e i r physiological 
needs, are generally known to requi re 20-6036 crude 
prote in in t h e i r d i e t (Hastings, 1979). The gross 
nu t r i en t analysis of various feedstuffs carr ied out 
during the present study reveals the n u t r i t i v e r ichness 
of a number of feedstuffs in terms of protein and other 
n u t r i e n t s , and indicates to the f e a s i b i l i t y of incor-
porating these low-cost ingredients in p rac t i ca l d i e t s 
of our t r a d i t i o n a l l y cultured f ish species . I t a lso 
points to the p o s s i b i l i t y where one ingredient could be 
replaeed by the other. The use of conventional feed 
ingredients and a new generation of non-conventional 
products (SCP, plant protein concentrates , animal food 
processing wastes, e tc , ) as protein sources in complete 
d i e t s for f ish has been attonpted by several workers 
in the past on various fish species (Tacon and Jackson, 
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1985; and Chow and Woo, 1989). Several of these 
attempts were directed to replace the fish meal 
portion of the diet (Cho et ^ , , 1974; Spinellie gt al. > 
1979; Viola gt ^ , , I982;and Hilton, 1983), a commodity 
becoming expensive year after year with supplies not too 
dependable either. The analysis of various locally 
available feedstuffs indicate that byproducts like 
blood meal, fish meal, soybean meal, groundnut oil 
cake, containing over 45% crude protein, could be 
incorporated in high protein fish feeds. On the other 
hand, feedstuffs such as cottonseed meal, mustard oil 
cake, rocket salad oil cake, sesame oil cake, lentil 
dust and silkworm pupae could be utilised in formula-
ting average protein diets. 
In India and many of the south-east asian 
countries, where paddy is extensively cultivated, 
byproducts of rice mill, like rice polish and rice 
bran, are conventionally used in various combinations 
with different oil cakes as supplementary feed for carps 
and other fishes. The use of rice bran and low quality 
trash fish has been recommended in different rations as 
feed for certain species of freshwater catfish 
(Dehadrai and Thakur, 1980). 
In formulating practical diets with desired 
level of protein, care must also be taken to consider 
- 2 0 -
optimum level of energy (NAS-MRC 1983), so t h a t the 
f i sh can make fu l l u t i l i z a t i o n of avai lable protein 
for t h e i r growth purposes. Ingredients l ike silkwoimi 
pupae, slaughter-house offal , f ish meal, algal meal, 
c e r t a i n o i l cakes and brans can conveniently be used 
for the maintenance of energy leve l . 
The f ibre component of d i f ferent feedstuffs 
can be useful in obtaining a proper nu t r ien t balance 
as well as adequate water s t a b i l i t y in the feed. Ingre-
dients l ike cottonseed o i l cake, sesame o i l cake, 
pigeon pea dus t , Bengal gram husk, silkworm pupae, with 
higher values of f i b r e / c h i t i n , can be u t i l i z e d for the 
above purpose. 
I t has been emphasized tha t in order to u t i l i z e 
pro te in e f f i c i en t ly for growth^ other sources of energy 
such as fat and carbohydrate must a lso be present in 
f i sh d i e t (Halver, 1976; and Wilson and Halver, 1986). 
Since most f ish have the a b i l i t y to use fat and carbo-
hydrate, to some extent , to spare protein as an energy 
source (Ringrose, 1971; Lee and Putnam, 1973; 
Takeuchi ^ t §^,, 1978 a ,b , c ; RLeper and Pfeffer, 1979; 
Bergot, 1979 a ,b . Takeuchi ^ t a i . , 1979 ; Shimeno 
fit ^ . , 1980; Bromley 1980; Yu and Sinnhuber, 1981; 
Gatlin and Stickney, 1982, NAS-NRC, 1983; Stickney, 
1984; and Strange, 1984), the inclusion of these 
nu t r ien ts are considered especia l ly useful in deve-
- 2 1 -
loping feeds for young fish where protein needs for 
growth are the maximum (Hastings and Dupree, 1969; 
Mertz, 1972; Halver, 1976; and Wilson and Halver, 1986). 
As far as the requirement of fa t for carp and ca t f i sh 
are concerned^ i t i s reported to be 6-16% of the d i e t 
(Watanabe, 198 2; and Stickney, 198 4), Pa ts , being 
high energy nu t r i en t , are known to be 85-90% d iges -
t i b l e (Takeuchi ^ a±_,, 1979; Austreng §t a i . , 1980; 
NAS-NRC, 1981; Cho fit a j , . , 1985; Law, 1986; and 
Kirchgessner £t aL«/ 1986). Thus, besides f ish meal, 
fa t r i ch ingredients l ike mustard o i l cake, rocket 
salad o i l cake, sesame o i l cake^ r i c e polish and s i l k -
worm pupae could also be considered for inclusion in 
f i sh feeds a t various l eve l s . 
The carbohydrate component of d i e t , besides 
providing energy, t ex tur i ses the feed, acting as binder 
in case of expanded and compressed p e l l e t s . Ingredients 
l ike r i ce polish and tapioca f lour appear to be of 
p rac t i ca l u t i l i t y in t h i s regard. 
The r e s u l t of the evaluation of gross energy 
content of loca l ly avai lable feedstuffs points t o the 
n u t r i t i v e r ichness of a good number of such ingred ien t s . 
Some of the low-cost products l ike o i l cakes, brans and 
husks, slaughter-house waste and silkworm pupae appea-
red exceedingly r ich in c a l o r i e s . 
-22-
The values obtained during the present study 
on the proximate composition and energy density of 
feedstuff were found generally comparable to those 
reported elsewhere (Ensminger and Olentine, 1980; and 
N^S-NRC; 1981, 1983). 
It may, however, be pointed out that although 
many of the feedstuffs, scanned for their nutrient and 
energy content, could be useful in developing rations 
for cultivable fish species, the levels of inclusion 
of these ingredients must be determined keeping in 
view the nutritional requirements of the concerned 
species and also factors like the chemical characteris-
tics, food value, digestibility, availability and 
overall cost of the feedstuffs. 
SUMMARY 
The survey of feedstuffs indicate that a 
great range of cheaper feedstuffs, both of plant and 
animal origin, are locally available. There being a 
greater variety of agricultural products that are 
cheaply and adequately available and their inclusion 
in fish diet could contribute to i t s cost-effective-
ness. Analysis of nutritional qual i t ies , based on 
proximate composition and calorif ic value, of these 
-23-
locally available feedstuffs points to their nutri-
tive richness. Several of the ingredients analysed 
were rich in their protein and gross energy contents. 
Some of the less expensive ingredients rich in protein 
could partly supplement the expensive or conventional 
protein sources in formulated feeds. Practical and 
economical rations can thus be formulated for culti-
vable fish species making greater use of locally 
available feedstuffs. 
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Table IV : Gross Energy content of the feedstuffs 
Feedstuffs Gross Energy (cal/g) 
Oil Cakes 
1. Mustard oil cake 
(Brasslca nigra) 
2. Mustard oil cake 
(Brasslca campestrls) 
3, Cottonseed oil cake 
(Gossypiutn sativum) 
4, Rocket salad oil cake 
(Eruca sativa) 
4748.5 + 69.51 
(4501.0 - 4894.0) 
4850.2 + 27.67 
(4763.0 " 4938.0) 
4719.0 + 19.67 
(4675.0 - 4763.0) 
4492.0 + 37,66 
(4413.0 - 4632.0) 
5. Soybean oil cake 
(Glycine max) 
6. Groundnut oil cake 
(Arachls hypogea) 
7. Sesame oil cake 
(Sesamum indicum) 
4559.4 + 8.48 
(4544.0 - 4588.0) 
4657.8 + 22.22 
(4588.0 - 4719.0) 
4596.8 + 59.39 
(4544.0 " 4807.0) 
+ SEM of 5 samples 
Values in parentheses indicate the range 
Table V : Gross Energy content of the feedstuffs 
Feedstuffs Gross Energy (cal/g) 
Brans/Husk/Dust 
1. Rice bran 
(Oryza sativa) 
2. Wheat bran 
(Tritlcum aestivum) 
3. Pigeon pea husk 
(Calanus cajan) 
4. Lentil husk 
(Lens culinaris) 
5. Lentil dust 
(Lens culinaris) 
6. Pigeon pea dust 
(Cajanus cajan) 
7. Barley husk 
(Hordeum vulgare) 
8. Bengal gram husk 
(Cicer arietinum) 
9. Black gram husk 
(Phaseolus munqo) 
3502.2 + 21.69 
(3452.0 - 3583.0) 
4518.2 + 35.55 
(4413.0 ~ 4632.0) 
3800.5 + 24.22 
(3730. - 3899.0) 
4360.8 + 25.45 
(4282.0 - 4413.0) 
4334.8 + 25.65 
(4238.0 - 4370.0) 
4299.4 + 50.94 
(4151,0 - 4413.0) 
4036.0 + 29.75 
(3933.0 - 4107.0) 
4037.4 + 22.27 
(3976.0 - 4107.0) 
3810.2 + 25.45 
(3758.0 - 3889.0) 
+ SEM of 5 samples 
Values in parentheses indicate the range 
Table VI : Gross Energy content of the feedstuffs 
Feedstuffs Gross Energy (cal/g) 
Miscellaneous 
1. sa rd ine f i s h meal 5216,2 + 55.93 
( S a r d i n e l l a s p . ) ( 5037.0 - 5377.0) 
2 . Mantis shrimp meal 2962.4 + 21.42 
( S q u i l l a s p . ) ( 2884.0 - 3015.0) 
3 . Slaughterhouse was te (o f fa l ) 5366,3 + 85,86 
( 5025.5 - 5462.5) 
4. Silkworm pupae 5670.0 + 39.78 
Bombvx mori 5381.2 - 5810.7 
5. Algal meal 4850.7 + 110.85 
( S p i r u l i n a s p . ) ( 4544.8 - 5069.2) 
6. Tapioca f l o u r 3915.5 + 32.78 
(Manihot u t l l i s s l m a ) ( 3845.6 I 4020.4) 
7. Rice po l i sh 4579.6 + 15.34 
(Orvza s t a i v a ) ( 4550.0 - 4630.0) 
9 . Barseem 4559.36 + 29.24 
(Tr i fo l ium alexandrium) 
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CHAPTER - II 
BNBRGY REQUIREMENT OF THE INDIAN MAJOR CARP, 
LABEO ROHITA (HAM) 
INTRODUCTION 
Livestock and poultry nutritionists have long 
recognised the importance of meeting the energy req-
uirements of animals in formulating practical diets. 
Various feeding tables listing the allowance for 
energy and other nutrients are available for the farm 
animals. Relatively little information is available 
on the energy requirements of fish (Adron Qt al.^ 
1976; Marries and Kissil, 1979; Cho and Kaushik, 1985; 
Machiels and Henken, 1985; Daniels and Robinson, 1986; 
Barrows fit al. ^  1988; and Colosso §t ^ , , 1988). Pish 
nutritionists have generally given priority to meeting 
the requirements for protein, minerals and vitamins, 
although it has been recognised that deficient energy 
level in the ration many lead to less efficient uti-
lization of protein and other nutrients by the fish. 
Intake of higher than the required energy may cause 
excessive fat deposition (Adron fit ^., 1976; Garling 
and Wilson, 1976, and Takeuchi fit ^ ., 1978a,b,c). 
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Fish, l ike other animals/ are known to eat 
to meet t h e i r energy requirements (Lee and Putnam, 
1973; and Page and Andrews, 1973) and thus have the 
Capabil i ty of compensating for a low energy densi ty 
in food by eating more of i t , provided the food i s 
n u t r i t i o n a l l y balanced. Such a compensation,/however, 
occurs up to the physical l imi t of the d iges t ive 
t r a c t , although a high energy densi ty d i e t wil l require 
l e s s feed per uni t of weight gained. However, maximal 
physical intake of high energy densi ty d i e t sus ta ins 
a higher growth r a t e . Provision of an optimal balance 
of energy components in d i e t i s , therefore , important 
from the view point of f ish production and the cos t -
effectiveness of the cul ture system. 
Fish are ammoniotelic animals and can read i ly 
use protein as an energy source. In the event of 
d ispropor t ionate ly high protein to non-protein energy 
r a t i o in d i e t , greater u t i l i z a t i o n of protein may 
occur, leading to an excessive concentration of ammonia 
i n the cul ture system (Beamish and Thomas, 1984). 
A deficiency of non-protein energy sources 
( l ip id and carbohydrate) in d i e t may re ta rd growth 
r a t e (Lovell, 1976), since protein wil l then be used 
more for energy purposes r a the r than for prote in 
syn thes i s . Similar ly, i f the d ie t contains an excess 
of non-protein energy, appe t i t e or demand may be 
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sa t i s f i ed before a suf f ic ien t quant i ty of protein 
(and a lso other nutr ients) i s ingested to s a t i s f y 
demand for protein synthesis and growth. In an 
exhaustive review on protein requirements of f i sh , 
Wilson and Halver (1986) emphasized tha t d i e t a r y 
protein requirement for f ish may also be influenced 
by the d i e t a ry protein to energy balance. Estimation 
of protein energy r a t i o in the d i e t for optirnxmi growth 
of the f ish i s thus an important aspect in f ish n u t r i -
t i o n a l s tud ies . 
Besides protein to energy r a t i o in d i e t , 
several other factors may influence the energy require-
ment of f i sh . I t has been pointed out t h a t , in iden-
t i c a l condit ion, the energy requirement var ies with 
the species (Beamish, 1964; Dean and Goodnight, 1964? 
and Brett and Groves, 1979). Temperatxare, by a l t e r ing 
the k ine t i c s of metabolic reac t ion , has a d i r e c t 
influence on the energy requirement, as measured by 
increased or decreased growth r a t e s , r e sp i r a to ry or 
oxygen consumption (Rozin and Mayer, 1961; Dean and 
Goodnight, 1964; and Bret t , 1965 ) . The energy-
requirement i s a l so reported to be size and/or age 
dependent (Brown, 1957; Bret t g t a i , , 1969; Pandian, 
1967, 1970; de Silva and Balbontin, 1974). 
Several s tudies have been made in the past t o 
assess the effect of t o t a l energy intake on the growth 
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and conversion ef f ic iencies of d i f ferent species of 
f i sh . Although the gross protein requirement of the 
Indian major carp, I .^ r o h i t a . has been reported in the 
past (Sen gt a l . , I978r and Renukaradhya and Varghese, 
1986), no information i s avai lable on the energy 
requirements of th i s species . In t ens i f i ca t ion of carp 
aquaculture would require the use of well-balanced 
formulated feed as per the requirement of the species . 
The lack of data on complete nu t r i t i ona l requirements 
of Indian major carp i s one of the major technical 
constraints in the development of l e a s t - cos t and n u t r i -
t i o n a l l y adequate production d i e t for t h i s group of 
f i sh . 
The present study deals with the effect of 
d i f ferent energy levels on the growth and conversion 
e f f i c i enc ie s , leading t o optimization of an energyi 
prote in r a t i o in li. r o h i t a . Knowledge of energy 
requirement of t h i s f ish a t a given protein level 
would be useful in ident ifying the best c a l o r i e - t o -
pro te in r a t i o / as also in balancing the energy and 
protein components, while formulating p rac t i ca l 
d i e t s for the above spec ies . 
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MATERIALS AND I-ETHODS 
I. Source of fish and acclimatization of test lots 
Finger lings of L, rohita[ were obtained from 
the Uttar Pradesh Fish Seed Centre, Kolahar, Mathura. 
These were transported to the laboratory in oxygen 
filled polythene bags and stocked in earthen fish pond 
(12 X 6 X 1.5 m). Supplementary feeding at the level 
of 5% of the blomass was carried out using the conven-
tional, rice bran: mustard oil cake (1 : 1) feed 
mixture, daily at 0800 h. The required number of 
flngerlings were transferred to the wet laboratory, 
disinfected with 5 ppm KMnO^ solution and acclimati-
zed on casein-gelatin test diet for about two weeks. 
II, Preparation of experimental diets 
The reported gross protein requirements of 
L. rohlta is around 40-45% of the diet (Sen ^ t al., 
1978; Renukaradhya and Varghese, 1986). Based on 
these finding, three approximately iso-nltrogenous 
diets were prepared, using casein and gelatin as the 
protein source (Mertz, 1972), to work out the energy 
requirement of this species. The energy level in the 
experimental diets ranged from 3390 - 3870 cal/g dry 
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d i e t (Table I ) , The mineral and vitamin premixes 
(Table I l J i l l X\?ere prepared according to Halver (1975), 
The protein t o energy ( P / E ) r a t ios in the experimental 
d ie t s ranged from 75.1 - 86,0 kcal/mg prote in . 
The calculated quan t i t i e s of various dietary-
ingredients were weighed on an e lec t ronic balance. A 
knov/n quant i ty of water was then taken in a s t a i n l e s s 
s t ee l attachment of Hobart e l e c t r i c mixer and heated tjo 
80**G. Gelatin was dissolved in to i t with slow s t i r r i n g 
and heating the content on to a double bo i l e r un i t . The 
mixer bowl was removed from heating, dext r in and 
mineral mix added to i t , and the content blended in 
Hobart mixer while s t i l l in lukewarm s t a t e . This was 
followed by the addit ion of remaining ingred ien t s . As 
the d i e t began to so l id i fy , the speed of s t i r r i n g was 
increased gradually to incorporate a i r in to the mixture. 
The f ina l d i e t , about the consistency of bread dough, 
was poured in to a teflon-coated pan and placed in a 
r e f r ige ra to r t o j e l l . 
For the preparation of crumbles, the above 
mater ial was cold extruded through Hobart extruder 
f i t t ed with 1 mm d ie . The strands were spread over 
the receiving t r ay and placed in hot a i r oven a t 
60*C, The d ie t upon drying were crumbled and sieved 
through ASTM-18 and ASTM-30 screens, and stored in 
sealed p l a s t i c bags in a freezer u n t i l used. 
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III. Feeding trial 
Fingerlings (2,9-5.3 cm total length) were 
sorted out from the acclimatized fish lot maintained in 
the wet laboratory and stocked in 70 1 high density 
polyvinyl circular troughs (water volume 55 1) fitted 
with a continuous water flow-through system. The 
stocking density was 100 fish per trough. The water 
exchange rate in each trough was maintained at 
1-1,5 1/min. The bottom of the trough was siphoned 
off every morning to remove unused food, if any, and 
the faecal matter. A natural light : dark cycle was 
maintained. 
The fish were fed test diet crxambles at the 
rate of 3% body weight daily at 0800 and 1600 h, 
except on the day when weekly measurements were taken^ 
The feeding level and feeding schedule were chosen 
after carefully observing the feeding behaviour of the 
fish and their dietary intake. Feeding allowances 
were adjusted on weekly basis. Care was taken to 
ensure that diet crumbles were quickly consumed. 
Accumulation of diet at the bottom was avoided to 
prevent any possible leaching of the nutrients, A 
thorough scrubbing and cleaning of each trough was 
also carried out weekly. The average water tempe-
rature and dissolved oxygen over the 6-week feeding 
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t r i a l / based on d a i l y measurements, ranged between 
24-28•C and 6,3 - 6.8 ppm^ r e s p e c t i v e l y . 
Survival was 100% i n a l l the d i e t a r y t r e a tmen t s . 
IV. Assessment of n u t r i t i o n a l parameters 
One of t h e c r i t e r i a chosen to a s c e r t a i n the 
performance of feed was the assessment of growth 
obtained by s u b t r a c t i n g the i n i t i a l weight of biomass 
from i t s f i n a l weight over a p a r t i c u l a r d u r a t i o n of 
feed t r i a l . 
The s p e c i f i c growth r a t e (%) was eva lua ted 
u s ing the formula: 
SGR (%) = W2 - W^  3^  100 
Where W. = Initial weight of biomass (g) 
W« = Final weight of biomass (g) 
D = Duration of feed trial (days) 
The food conversion ratio (FCR) was calcu-
lated on the basis of the ratio of food consumed to 
live weight gained by the fish. The gross growth 
efficiency represented the ratio of live weight gain 
to food consumed. The protein efficiency ratio (PER) 
was calculated on the basis of the ratio of protein 
consumed to live weight gained. 
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RESULTS 
Results of the 6-week feeding trial conducted 
on L. rphita to quantify its energy requirement has 
been summarized in Table IV. 
The average weight of fish over the experi-
mental period for the test diets used increased 
linearly on their initial weight (Fig. T ). The fish 
registered the maximum gain in live weight with 3500 
cal/g dry diet energy level. The lowest gain was 
recorded with 387 0 cal/g dietary energy. The weekly 
mean live weight gain per cent for different treat-
ments have been plotted in Fig, n . In terms of 
percentage, the maximum (89>i), gain, occurred in fish 
fed 3500 cal/g energy diet, whereas it was only 72% 
at high (3870 cal/g) dietary energy intake. 
The average specific growth rate (%) of fish 
at various energy intakes have been depicted in Fig, 111, 
The specific growth rate increased linearly with 
increasing dietary energy content up to the incorpo-
ration rate of 3500 cal/g and declined sharply at 
387 0 cal/g energy intake. 
The FCR and gross growth efficiency in fish 
fed different levels of energy have been shown in 
Fig.IV • Marked differences were seen in the food 
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conversion values. The best (2.1) FCR was noted at 
3 500 cal/g dietary energy level. Less efficient 
conversion was obtained with diets having levels of 
higher or lower to the requirement (3500 cal/g). The 
gross growth efficiency and the PER were likewise 
maximum, 0.48 and 1.15, respectively, at the above 
level of dietary energy. 
Fat and water contents of the carcass was 
found affected with the levels of energy intake 
(Table IV). These two constituents also indicated a 
negative relationship with each other. Highest (,32% 
dry weight) amount of crude fat, noted in the carcass 
of fish fed diet containing 3870 cal/g energy, was 
accompanied with lowest percentage of water. 
DISCUSSION 
The maintenance energy needs of fish are 
considerably lower than those of horaeothermic animals 
(Cho and Kaushik, 1985). However, compared to higher 
vertebrates, usually a high proportion of heat pro-
duction is derived from dietary protein. Although 
the utilization of protein for basal energy metabolism 
is an established phenomenon in fish, conventional 
energy yielding nutrients like fats and carbohydrates 
can reduce the oxidation of protein to satisfy the 
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energy needs of fish and thus improve the u t i l i z a t i o n 
of d ie ta ry protein for growth (Cowey, 1975; and 
Watanabe, 1977). The benef ic ia l effects of incor -
porating such protein-sparing nut r ients have been 
widely studied (Lee and Putnam, 1973; Takeuchi ^ al«J.Q7R 
a,b,c; 1979; Bromley, 1980; Mil l ik in , 1983; and Beamish 
and Medland, 1986), and optimal r a t i o s between protein 
and energy proposed for many species of fish (Cho and 
Kaushik, 1985). 
I t would appear, both from the plot of average 
f ish weight against time as well as the pat tern of 
changes observed in the speci f ic growth r a t e , t ha t the 
level of energy producing the maximum growth in 
li» rohi ta i s around 3500 ca l / g . However, fur ther i n -
crease of d i e t a ry energy intake to 337 0 ca l /g resul ted 
in smaller gain than tha t observed a t the low energy 
(3390 cal /g) in take . The findings are in conformity 
to the r e su l t s reported by Barrows §t a_l. (1988) on 
Walleye f inger l ings . Takeuchi ^ ^ . (1978 b) and 
Mil l ikin (1983) noticed s imi lar effects of d i e t a ry 
energy on weight gains in rainbow t rout and s t r iped 
bass , respec t ive ly . 
The resu l t s of the present study indica tes tha t 
a proper balance between energy and protein i s impor-
t an t for optimum growth and feed eff iciency of 
L. roh i t a , as is t rue for other fish species . The 
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energy to protein ratio of 83.3 (kcal/mg protein) 
recorded for the maximum growth of this species is 
identical to the value reported for small-sized common 
carp (Takeuchi et §^,, 1978d and Lovell, 1984b). Garling 
and Wilson (1977)^ using purified diets, reported the 
optimum energy to protein ratio for the growth of young 
channel catfish to be 96, while Page and Andrews (1973), 
using practical diets, found the value to be 97. 
Stickney are3 Lovell (1977), on the other hand, reco-
mmended energy requirement of 80 to 90 kcal/mg of 
protein for the fingerling and production diets of the 
above species. Higher values reported for the channel 
catfish may be attributed to the fact that the fish, 
being carnivore, requires higher amount of energy per 
unit weight of protein. 
In growing animals, part of the retained energy 
is stored as protein and part as fat. Besides water 
temperature and maturity stages, deposition of these 
energy resources depends upon the amount by which the 
dietary energy intake exceeds the energy expanded as 
heat. In almost all cases retention of energy and de-
position of new tissue result in an increase in weight 
of the animal. High energy diets, especially when a 
higher percentage of the calories is from fat, will 
produce fatty fish which have a lower dressing percen-
tage than fish fed a low energy diets. In the present 
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study the diet containing minimum carbohydrate and 
maximum amount of fat as well as highest energy 
(3370 cal/g) was found to produce fatty (32% dry 
weight) carcass. Enhanced lipid deposition noted 
in ]ti, rohita with increased energy intake was in agree-
ment with observations on other fish species (Cowey 
and Sargent, 1979; Watanabe, 1982; Johling and Wandsvik, 
1983; Machiels and Hericen, 1985; Daniels and Robinson, 
1986; and Barrows ^  ai. / 1988). However, additional 
feed energy was not reported to increase the fat 
content of the dry carcass in brook trout (Ringrose, 
1971). The observed negative relationship between fat 
and water content of the body of L, rohita was similar 
to the findings on several other fish species (Cowey, 
et al., 1972; Austreng and Refstie, 1979; Reinitz and 
Hitzel, 1980; and Watanabe, 193 2). 
Decreased PER and FCR noted during the present 
study with higher dietary energy was also seen in 
juvenile red drum (Daniels and Robinson, 1986). 
SUMMARY 
The effect of d i f fe ren t energy levels on the 
growth and conversion e f f ic ienc ies , leading to o p t i -
mization of energy: protein r a t i o , has been reported 
in the f ingerl ings of the Indian major carp, i j . r oh i t a . 
-3 7-
The best growth, food conversion and protein effi-
ciency were noted with diet containing 3500 cal/g of 
energy, corresponding to 83,3 kcal/mg protein. Intake 
of dietary calorie below and above the aforesaid level 
resulted in poor growth. Moisture and fat constituents 
of carcass were also found to be influenced by varying 
calorie intake. Maximum fat deposition was observed 
in fish fed diet containing the highest (3870 cal/g) 
energy. The study indicates that, for practical diet 
formulation for this species, incorporation of 
3500 cal/g of energy is desirable for optimum fish 
production. 
Table I Ingredient composition of the t e s t d i e t s 
used for the estimation of energy requ i re -
ment 
Ingredients 
g/lOOg d i e t 
Casein 
Gelat in 
Dextrin 
c3<^-cellulose 
Corn o i l 
Cod l i ve r o i l 
Mineral mix 
Vitamin mix 
Water 
Gross energy 
(kcal/lOOg dry die t ) 
Diet, 
45% 
40.17 
12.84 
28.00 
7.99 
4.00 
2.00 
4.00 
1.00 
100.00 
338.00 
ary protein 
42% 
38.00 
12.00 
28.00 
8.00 
6.00 
3.00 
4.00 
1.00 
100.00 
350.00 
level 
45% 
40.17 
12.84 
18.99 
8.00 
10.00 
5.00 
4.00 
1.00 
100.00 
387.00 
Protein t energy r a t i o 75.00 83.30 86.00 
(kcal/mg protein) 
*Calculated on the bas is of physiological fuel value, 
4 .5 , 8.5 and 3.0 kcal /g of prote in , fa t and carbohydrate, 
r e spec t ive ly . 
Table I I Mineral premix 
g/lOOg 
Calcium biphosphate 13.48 
Calcium l ac t a t e 32.40 
Ferr ic c i t r a t e 2.97 
Magnesium sulphate 13.70 
Potassium phosphate (dibasic) 23.86 
Sodium biphosphate 8.72 
Sodium chloride 4.35 
Aluminium chloride 6 H2O 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H^ O 0.080 
Cobalt chlor ide 6 H^ O 0.100 
Zinc sulphate 7 HO 0.300 
Table III Vitamin premix 
g/100 g 
c5<l-cellulose 8,0 
Choline chlor ide 0,500 
I n o s i t o l 0,200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0,050 
Riboflavin 0,020 
Menadione 0.004 
Pyridoxine Hcl 0.005 
Thiamin Hcl 0,005 
Folic acid 0.0015 
Biotin 0.0005 
o<^-tocopherol ace ta te 0,040 
Vitamin B ^ (10 mg/500 ml HO) 0.5 ml 
Table IV Results of feeding purified test diets 
to Labeo rohita during a 6-week feeding 
trial 
DIETARY ENERGY LEVEL 
(kcal/lOOg, dry diet) 
Initial individual 
weight (g) 
Final individual 
weight (g) 
Percentage increase in 
weight 
Specific growth rate(9i) 
Food conversion ratio* 
Protein efficiency ratio 
Gross growth efficiency 
Percentage survival 
Carcass Composition 
Moisture (%) 
Pat (56 dry wt. basis) 
* Dry to wet basis 
Results are mean of duplicate runs 
338.00 
1.10 
1.93 
74.93 
1.33 
2.63 
0.85 
0.38 
100 
350.00 
0.98 
1.85 
89.08 
1.52 
2.06 
1.15 
0.48 
100 
387.00 
1.01 
1.74 
71.72 
1.28 
2.56 
0.86 
0.39 
100 
70.75 
25.43 
70.29 
28.29 
68.18 
32,15 
Fig. I ! Weekly changes In average fish weight (g) at 
varying energy levels (• • 338 kcal; o o 
350 kcal; A A 387 kcal) . 
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l.6h 
1.2 
III IV VI 
D u r o t i o n { Week ) 
Fig. II : Growth of L. rohlta on various dietary energy-
levels (• #350 kcalrO 0 387 kcal; A A 
338 kacal). 
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Fig. Ill : Specific growth rate {%) of L. rohita fed 
varying energy levels. 
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Fig. TV : Food conversion ratio (• •) and gross 
growth efficiency (O O ) of L. rohita 
fed varying energy levels. 
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